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TM 76-2 SA

PREFACE

This Technical Memorandum presents  an overview of the system identification
program that  was init iated at the Nav al Air Test center  in 1970. This program has
resulted in an advanced system iden t i f i ca t ion  capabil i ty that  has a wide spectrum
~f app lications to a i rcraf t  f l i ght testing. An overview of m aximum likelihood

parameter  ident i f ica t ion  and app lications to aircraft stability and control fli ght
test ing are presented.

This Technical Memorandum was prepared for presentation to the AIAA
Systems and Technology Meeting in Dallas, Texas, on 27-29 September 1976. The
research performed to develop the technology reported on was conducted under a
series of AIRTASK Assignments  and Procurement Requests sponsored by the Naval
Air Systems Command and Off ice  of Nav al Research, respectively. Thesc
programs were managed by Mr. Ralph A’Harrah (AIR-53011) at the Nav al Air
Systems Command and Mr. Dave Siegel (ONR Code 211) at the Office of Nav al
Research. A research team at Systems Control , Incorporated, headed by Dr. W. E.
Hall , developed the computer program SCIDNT.
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‘.ti)l-( E EFF h C  FIVE Al l (CRA 1 1 Sf ~~ltILflY .~ N l  N i l - I ! .  FLU . HT 1 E~ l i N t ,
T H R & U ( 1 1 I  U S E O F  ‘.Y S F E ’.l l l i f - ~~i I l l - l i  A I P N  Ti- } l l i u l r o - t

t i  .g’- r A. Burt r i  o i l  David E. h is  t i n
st r i k e  Ai r -  r , f !  1.-sr Direc t - r , t .

sv a i  i~.J r  I.’- , t  Cent .- ,
‘ i t is - i t R i v e r . .,r v l . s r t 20670

( r i s t r a,  t

h.- f. - v - I pr t r - - rs t .f s v s t  em id .-nt i non technoIog’~
a .. ~ i r i - i - - r t  i~~- -r , to pr v i i . - p r  f i r - . f f ’ r , t i v e  a i r c r a f t L Rolling in rn -ru about  X axis
f l , ~~h t  t . - s t l r t g  Dy r io m g  r h .  t i m e  r - - l n i r r . - i  t ‘ r n r l r i m
s~ t c i f i r  t e s t s  aM ‘ I r to provide I r a ri r - - Y aw in g  m o m e n t  about  Z axis

ui pr .  Ji. flstve d i  .i  anal ysi  ~. — 14. -( and 1 ~\ — - I i  4ht
i - -st  r- su its  p r -  s - ~~!.-. i dc- rn ,n- .t r , t . -  t h at  the  f l i g ht  t i m e  ii Normal  i . .- 1.-rat io n n~ - .r~ f t / sec
r- - 1u i r . — i  to - t i t a in  s t a b i l i ty  and our  1 da t a  can be
sm , p i i f r  a r t  l v  reduced s - r t h r , u t  1 - iss in t -  ur a V i f  p Rol l  r a t .-  rad/sec
conven t iona l  f l i gh t  P . t  1 . - n v - f  p a r a r n - - t . - r - ..
Present it  t i n  t S— 3 A  and E A — ’ F .  sv s t . rn 1.-ts r hr . 1  i-  ~ ~‘i t r ’r r a t e  r a i l / s r
r . - sult s  i - t n  r r - . t r , t - - t h a t  t h m - ~ t i  hn- I r .g v  - an be
successful ly  u s - f  - i p  I t - - the aerod ynamic  r I . i t a  bases r Y aw  r a t . -  radlsec
o f r n - - f - r u  j ’ r t  o r -  r .1 • t r  ~r i f l ig ht  t i - st  l a t s .  iii---,.-
s c s i - r n  j d e n t i f m -  . .t i on n - - s ‘ s .,re  i i n p i r - - I  w i t h  wind uap lac.- p . - r i t - r  —

tunne l  f i t a  and f l m ~~: n t  t s r  - J - - r ~ v - - I j . r  t m - t n- , P
I - -n i  -n-u r a t - - t he  a u r  i i r , y f t h i s  new technology. t T i m ’ -  sec
App li c a t i o n s  - f  t h i - , t - - m u  .~

-.- to r t . - .J r i t - - several areas
of t or t  r i f t  f i g h t  tes tin g are discussed. ii i i r sp  f t /sec

x - t ~ , t . -  vi- . -  h r  —

Lis t  i f  Symbols  X X component  of t u r i n lb

I i o f i r i t t , n i  U n i t .  v ‘.l.- . i s i i r - - r t t . - n t  v i r t or —

a \ lea stjred t o - r i t u a l  a, . - 1, -  r a t i o n  f t  E s t i m a t e  of m e an r i r e , n en t  vector  -

Tr ue v , r t i . a l  a - - P - r a t i o n  f t  s, y y component  of f i n . lb

— 
a \ f - - .i  ir - - - ’ l a teral  - r . .t i  ri I t , ~e- Z r mp r nent of f r ’  e lb

a~ Tr - i . -  I t - - r a l  acc. - l i - r . t r ’ - n  f t  s c - ~ ( ) Time r a t ’  of change sec 1

b \ f . - a s m i r - -rn ’nt bias vi ~ t r - - A
Est i m a t e

D N t i t r r  < r i o t i n g  t t i - - a S , i r ’ - r n . , i i t S
to - i n t r i vno t r r - a Ang le -~ f a t t a c k  rail

F M i t t  o f t a b i l i t ’ . de r iva t ives  2 Sideslip angle rad

G M a t r i x  f ‘ -  r un ’  I d e r i v a t i v e s  - C h a r a c t e r i s t i c  equation —

Acce le ra t ion  lu-’ t r . g rav i t y ~‘~~ ‘ ~ a 
Ai l e ron  de f l ec t ion  rad

H M . t r i x  r e l a t i n g  m easu re rn - n t - , r - Elevator def lec t ion
st a t e  t - , r  —

Rudder  de f l ec t i on  rad
I I d e n t i t y  m a t r i x  -

Spoiler de f l ec t ion  rad
- - 2 ‘P1xx M ’ , m en t  1 i ne r t i a  sh u t  roll axis s l u g — f t

~ D a m p ing ra t io
1xz M- t tu -n t  of iner t ia  about yaw axis s lug -f t 2

e Pltch a t t i t u d e  rad
K Gain -

~ Pa ramete r  e s t i m a t e  variance or
K 2 Sideslip vane scale f a c t o r  conf idence bound -

K a Ang le of a t t a c k  vane scale f a c t o r  — t Time constant sec

Z dista nce of sidi-sli p vane t V Measurement  vector  random error -

center of g r av i ty  f t
• Rol ang le rad

X d i s t a n r - r -  of sidesli p vane to
cent er  of gravity f t ta N a t u r a l  frequency 

~~~~~~~~~~
- —  - -
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L Prime .1 . i r t m .  d e r i v a t i v e  i .t -t ’ rod ynamic  d a t a  bas ,’ . fu r  use in sy s r . - n i  redesign or
X r . r i l i i i g  m om e n t  w i t h  r ’-spect  m i i i  i i -  a t  ion. F -in - - n a  mp h ’ , t Ie- dc’t.— r m i n a t io n  -.1 the

to s whe re  x is p .  r .  - I i mp l ian i -e - - I an a i r - r i f t  s t a b i l i t y  and , . t i t r - .l
$ , 8 ,, 8 R • 8 sp t  s . .  • iiar a,  t . ’r i st i c  a u t h  th . ’ r e q u i r . - rn , -n t s  of M i l i t a r y

Spem i i i .  a t i ’ , n  MIL -i-  - t~785B is a . r . s t iy  and
M Par t i a l  - 1, -n is it is I p i t ching  ti n r ie— ci .n i sum ing I - .-t of a i r ’  r a f t  f l ight  t . - s t  ing-

m o m en t  w i t h  respect t~) X — l  How .rver , a r - -  r i s i i , - i , i b l ’ - port ion of the  s tabi l i ty  and
‘ where  x is q .  a , , 8~ i sec - - r i t r - , l  f l i g h t  p rogram - ar m be e l i m i n a t e d  r u n - ug h use of

s y s r . -n i  i - i . ’ r i t i f i i  t i o n  b y using this  technology to e x t r a c t
N Pr imed p a r t i a l  d e r i v a t i v e  it t he a, -r - . iv r i a m i c -  s t a b i l i t y  and c - n t  n - I  d e riva t ives  f rom a

-‘ sing m o m en t  - a u t h  r. -sp .- ’ l i m i t e d  n u m ber  of f l i g h t  tests. These s t a b i l i t y  and
i -  x whcre  is p,  r .  , — l  - n t r - l d . - n iv a t i v . - s  are then used to v e r i l y  t i e -  air ’ r a f t ’s
8 o h,~~, ~ Sec ci mpl iance  w i t h  t he  M i l i t a r y Sp i- h r - a i r r equ i rements .

X P a r t i a l  I - - r i v ’ , t i v . ’ if f i r -c Overv iew of NATC System I d e n t i f i c a t i o n  Program
ar t h  respect to x I where  x is -1

• ~ , 8~ i s.’ In ‘i r Pa r t i  accomplish the  os- r a I l  - i b l r ’ i t i v e S  ‘~ l th.-
development  r h  this technology i t -ms  a. throug h c. of the

V Pa r t ia l  ‘I .  n , v a t i v . ’  f s i - h -h r .- preceding sc-r u in), a ‘ m p r . -h i ’n s i v . -- system i d e n t i f i c a t i o n
si tr .  r esp .-i- t  to * a I m -r i  x i~ c ap a b i l i t y  wi l l  be required.  In ,~,-r i ’ - r a l , a t o t a l  system
p. r .  2 8o. 8R , 8 spi  Si.- - r r t . ’n t i u ic a t i on  c ap a b i l i t y  is considered to Consist ~ i :

Z l i n t  i i  d e r i v a t i v e  -f  Z f r a. Design of e xp e r i m e n t s  (input design) .
X w i t h  r - -spe. t t o  x I where  x is

- a . 8 ~ , b. U - ‘1. 1 S i r - , tur n-  d e t e r m i n a ti o n .

N -o - i i m n , - n s i n i n a l  pa r t i a l  dc -nv -  c. Par a m e t ’ - r  i ’ f - - r i t i f  i -  a t i on .- ‘ s a t i v e  - - I  K i - - n - -c or m o m e n t  I L ,  —

‘.1 , N , X , A - Z )  w i t h  r. -s p- i t  The a l g o r i t h m s  t h a t  NATC is deve loping  to fo rmula teto st a t e  v e ct ’  - r x ,r - a t t n  ~ t h i s  system id ’ r , t i f , ,  a t i o n  c a p a b i l i t y  are :
vect r B I

~~~~~ - ,- n l ~~ t .  a. Linear m a x i m u m  l ike l ihood p a r a m e t e r  i d e n f i f i c a -
t iOn.

m M - - i - . r ,r ’ d
b. N ’ -nlinear m a x i m u m  likelihood parameter  iden t i f i ca -

T [ru. - t ion .

I Tr im c - - ’i i i i t i o n  c. Data consistency s ta te  e s t i m a t i o n ) .

d. I n s t r u m e n t a l  variable p a r a m e t e r  i den t i f i ca t ion- i ~~~!~J~~~~tS 
r e a l - t i m e  paramete r  i d e n t i f i c a t i on i .

T Trans pose -e , Tr ansfer funct ion  analysts .

Back ground f. Time series analysis .

The Nava l  A i r  T. ’st Center  NAT C) in i t i a t ed  a g- Vehicle dyn amics  s i m u l a t i o n .
pr  g r i m  in i) ’~ 1 to develop advanced system
ident  I i -  a t ion  t echniques  for  use in f l i ght  tes t ing  h. Model s t ructure  d e t e r m i n a t io n .
a i r c r a f t .  This program has been a coordina ted  e f f o r t
am’  in g  the Naval  Air Test ( en t e r , N a v a l  Air Systems The one key e lement  in the f o r m u l a t i o n  of all of these
Command,  O f f i r or of Naval  Research , and Sys tems al g o r i t h m s  is tha t  they have been pr ogrammed in a
Control , Incorporated. The major objective of the general  f o r m a t  wich tha t  they can be easily modi f ied  for
l- - v - I pmen t f this technology has been f - i  p rovide  for the  analysis  of any type of - v t - r n  I t em a. is an
more -‘f f ”  tive f l i g h t t -- s t tn g  by: “p ’ r a t i o n a l  program , and i t ems  b. t h r o u g h f. have been -

i n s t a l l e d  on the NATC computer system and are current ly
i Improving s a f e t y  - - t  f l i g h t ,  under evaluation.  Items g. and h. are cu r ren t ly  under

development  and are planned  for complet  ion by the  end of
b. Reducing cost and/ - n ti me associated wi th  design, this  year.

fli gh t t . - s t s , an d r o r r f i f i c a t j o n  of a i r c r a f t .
P a r a m e t e r  Iden t i f i ca t ion  Procedure Used in this Anal ysis

C. Improving  data  analysis accuracy.
The results  presented in this paper are based on a

d. Provid ing  a basis for more comprehensive analysis linear m a x i m u m  lik -lihood parameter  iden t i f i ca t ion
of missi on su i t ab i l i t y .  Computer  algorithm (SCIDNT nfl currently being used in

the analysis - i f  fli ght  test da ta  at the Naval A i r  Test
e. Providing f or the acquisition if  f l ig ht test data  ( en t er .~

2
~ This program provid s for the es t imat ion of:for use in f l ight  t rainers .

f. Providing an accurate  data base for the desi gn a. Coef f i c i e n t s  of linear systems.
and -mr modif ica t ion of advanced f l ig ht control systems.

b. Instrumentat ion system scalp factor errors, biases,
To date , t h e  application of system identif icat ion to and lags.

Navy f l i gh t  testing has been primarily in the areas of
s t a b i l i t y  and control testing and the updating of a i rc raf t  C. Gust t ime history characteristics.

2 
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‘Piu s, f a sys tem is n i m ’ i l ”I , ’ni in r - - v - n t  i • i i a l  s t a t ”  - spa n .’ r i - - r i  on the i n s t r u m e n t a t i o n ,  sy s t em  (in it ’- , .’ r a l .  t h i s
ri -i it  ion : m.- - . s ur . -i , i” r i  t can be corrupted by ‘- x o - r r . , . I  I c r  ur i ,a i i -  ‘s

a m i d j ’ , r  i n s t r u m e n t a t i o n  n o i s e m .  This measured f l i g ht
st . i t . - h J / i i t i on response is . :o m ( . i r . - i I  w i t h  a computed  response based on

a rn - i ‘h i -  m at i c a l  model - i  t h e  a i r c r a f t  r i  f o r m  a response
= Ft  • GB ~r w  I i i  . ‘ r r - - r  This resporisi .  e r r - - n  is f o r m u l a t e d  in to  a - r r i t , - r i , i r

t o r i  t i o n w h i r - h is used in an e s t i m a t i o n  al gor i thm t-~wh e n- ’: u p i a t . -  the i n i t i a l  g, . - - - , ‘i f  the p a r a m e t e r  values. This
procedur- ’  is repeated un t i l  the response ‘ m r  ideally

x i-. a nx l  i t  i t . ’ 5. - C t - i n  .-J i - t -  ~,- r i i . at wh ich  pr I n t ,  the ‘best ’ e s t im ate  of th .-
a , t  r i f t  pazani t r - n s  is obtained.

8 is -, I x l  control  s.- t on
In r h .  m a x i m u m  l ike l ihood al g o r i t h m  used, the

-a is a qx l  random pr vs noise sect -n n i t er i on  l i i i .  r e in  is the likelihood f u n c t io n

is a nxn m a t r i x - - f  - t . b b : t v  d e riv at i v e s  
~

“ (9/~,) .., p (Y/9) ( 31

G is -‘ nx £ m a t r i x  if con t ro l  ‘ I . - n i v a t i e - - - . and - -
cor rec t ions  f i r  i n i t i a l  i ut ~~~ f - t r i t n  condi t ion s  which is de f i ned as th c -  r - ,n r i i r ion a l  p robab i l i t y  of the

measurements  y tm li a v i r i ( r u r n — r I  given the parameter
- - - s e t  8 ( 8 is tb . set - i f  p sr ami - r . - rs  de f ined  f r o m  thei is a ix -  process n i t ’ ,, s t  r b i t  ion m a t r i x  -sy - .t - ’m st - i t . -  and included in the feasible  ‘e’t 0 ). Thus,

i - n  any giv . ’r i  set -t  values - ‘I the  parameter  8 , we can‘.lr’asure m i— nt  Egiiat rio

y Hx a D8 • b ~ v assign a p r o b a b i l i t y  p (Y/8) i -  each outcome y. If

the  outcome - 1  an i t u , i I  f l i g ht  t i - s t  is y, it is of in teres t
to ktn - ‘ w a h i -  I set of values m i g h t  have led to thr ’s.-

- obse rvat ions .  In - r I - n  t - accomplish th i s , the  m a x i m u my is a rx l  m i- i su r i -m e n t  Vector  - -h i k e l i h r , o d  m I f i n d s  a set ‘~ f p a r a m e t e r s  I . . max imize
- - the l ike l ihood f u nr t i in  such thatB is a r xj  measurement  b i a s  vector

A ~y i \
v is a r x l  m ea s u re m i .’r, t random noise - r n  r v o n - t o n  8 r r ax  P ),, / 8)

810
11 is a r a t ,  m a t r i x  r e l a t i ng  the  m ea a i i r - - ,r r ’ -n t s  i - i  the In - - r h ” r  -a Is. t he_ probab i l i ty  of t he  outcome y is higher
s t a t e  si r - r n w i t h p a r a m e te r s  B in r h -  model than w i t h  any other

values of p w r a m . - t . .n s f r o m  t i m . -  feasible set. The
D is a rx m a t r i x  nn ’l a t ing the measur ’ - r n i ’ n ts  to  the  l ike l ihoo d  func t ion  used is given by:
c o n t ro l  v a r -  t i - n

ex p {_ 4 u T i B’
~( i ) u ( I ) }

and P (Y (h i )/y~t~~~ ,~~) M/2 /2(2 ir) B ) )
n is the nu rnh . -n  of s ta tes  - -or in more convenient log form:
1 is the number  f controls 

t09(P rtu ,y~ t,~ .9). ~~ ~~T
1 )8 ’(.)~( i) .iog I B f ilI~ 

.CONsTAN T (6)
is the number of measurements

where
and w and v are Gaussian random noises which have zero A
mean , are uncorr elated , and have power spectral t . c ( i ) :y ( , ) _ y ( i )  (7)
densities Q and R , respectivel y.

and m is the nu mber of measurements and B is
Then , this pa ramete r  i den t i f i c a t i on  al gor i thm approx ima ted  by

provides for e s t ima te s  of the e lements  which make up F , A N TG, H, D, and B. In addition , e s t ima tes  are made of the Bm !Ev(i)u ( i )  (8)
power spectral  density of the process noise w and the  N j~p
measurement noise v. This identif ication algorithm is
pr ogrammed in a general f o r m a t  such that the s tate  The optimization procedure used to find the parameter
equation and measurement equation can be easily set is the modified Newton Raphson technique
mod i fied. Thus, this program is easily changed to
accoun t for any differences In aerodynamics or control  

~system characteristics between ai rplanes or to model any ,
~I (9)

t ype of system such as an ai rcraf t ’s power plant. where

In g en e r a l ,  system i d e n t i f i c a t i o n  is the process of (ô 2Iog P(y/8)r ölog P(y~V)
est imat ing  f rom a given set of input/ output data either tS9 ’ 

~ ae oe I (10)
the required structure of a sys em model or the j k
parameters  of a prespecified model. The general process
of parameter  ident i f icat ion is illustrated in figures 1 and and I is the ith iteration and j and k denote the j th  and
2. Fi gure 1 is an overview of the elements in parameter kth parameters.
id e n t i f i c a t i o n ,  and figure 2 is a schematic of the
i terat ive na ture  of the algorithm. As shown , the
parameter es t imat ion  procedure beg ins with the system
or aircraft  being disturbed from some in i t ia l  condition by
a pilot input .  The a i rcraf t  response to this input is then

3 
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~p p i i ’ a i i - ns - r t r y s t - -tO  Id en t i f i  ,.toin t c - l n - r - - n m i t o ~~~ and tb .  d en om in a r  r p o lynum ina l  (char ac ter i s tic  equat ion)
Stabi!  i t S- arm - ‘ - ‘ n u  ru l  Flig h t -- s Req u r n-  n t i e n t n i  —

The r , i i l i t  i n ’ , f l y i n g  - 1u ,ii t i n - s  s
~e’i i f i c - i t i ni , A ( s? .2~ ~~~~~ ~~np 2 ) ( s 2*2~ spwn sp s+w n 5p

2 ) 
( 18)

MU. — F -s7858,  t - r n , m ~, i , r — -  many st a b i l i t y  and -t- i m i t r - i l  ‘ ‘__~~~~~~~ ““— - “~~~~~~~~~ .
_-- “—_.._

~~~~~~~
‘ --‘ ‘ “_ .—.“‘

re q u i rem e n t s  in t , - r r i i s  - h t r a n r m t . -r i,i,~ r i ’ ,, Phugn . id U - - f - - Sh i r t  Period Mode
char t. - r a t  i- - s and n ib ’ n t i s. l-~~n . rxample , m m i a l i v  - -
dynamic  , r i g i r a r h i n a l  and l r - ’ral - l i r e ’  r am a l  S i m i l a r l y ,  t n -  normal  a - n - I - - m a n - u i  t o  e levator  input

t r ~in r lu a n t i o n  is given by:
- , iar i- t . - r u n i ’  s a n -  s~~— - r h - - I  in t ’ -r m s  f t r a n s f e r

u m i  t o n  n u m i - r a t  ,r L ” r - , and -hi -mm , i O in a t  in j a i l er  r an-i t
I n - a t m - n - . - i n . 1u i . - r n y ,  -dam ping, and t im , -  ‘ n - s r  i t i t s i .  fl z (s) ~~~
~t a t  i -  n - i i n i l i r v  - a r i  t ’ -r :s t  i- -s sun -h is longi tudinal  8 (s) 

(1 91
Co n t r  : 1, 1 — V a t -  -r i v a n i a t i  ii i  -w i th  a m r s p . - . - ~ I are e
r . - I t - - I  t - r h .  ipp r  pr i t  ‘-  t ransfer  1 Wi -  - t r un eva!ua ted at - -
st . ’., ) .  s t a t . ’ cond i t : - in is tb . - Laplace -~~~i .- n a t , , n  ~ = ~~. w h i r , ’  t h e  numera t or  polynominal is i f  the form

i I i -  a t m  ri r . - 3u :r ame n t s  for I i i - -  r a tio s  1 norma l  N — I
a 1- n a t i o n  r - angle it  a t t i r k  ‘

~~~ ‘~~ - and r i l l  angle I - - 8e K o~s(s /r02 ) ( s+  /ro~ 2
) ( s +  ‘/rø~ 3

) (20)

s in — s l i p  angl . ’ I r-~ can be -f ’ - t - ’ nm i ne d  using mode ra t ios
evalu at ed at the C- n n - - - f r . - - 1u ’ - n i i  v . Compl iance  w~t n  Thus , the dynamic longi tudina l  s tabi l i ty  specification
thi s.’ t vp i - s  - h sp~” i i -  i i i  -n r . .qu ir irments  - arm easily be r . ’qu i r ’-n en ts  t h a t  can be determined by evaluat ing
d. :- ‘ n m n i r i ’ - ~f n o r  - i ,~1i usc- i s v  st i ’rn iden t , f , -  a i i m ,  equations ~l s ’  throug h ( 20) are the phugoid f requency

- 
I ~~p I and damping (~~p I and short period f requency

U -i s imp l i f i ed  - n m  i f  .‘q u a t i r i n u s  ‘ 1 :  and 1 2 1  is
c - m n n - i i l , - r .’nh ~i ,t

5 ) and damping ( t s p ) !  This is fu r the r  i l lustrated by

Ft • GB  (11)  considering a classical approx ima t ion  to  these t e r m s, f rom

* 
w h i c h  it is seen t h a t  once the s tabi l i ty  and control

/ l ix  DB ( 121 de r iva t ives  ‘in ’ -  known , it is a simple ma t t e r  to calculate
these -p’- f i r - a t  ion r equ i rements.

Thn- Lap lace t n m n - - f  r n  solut ion i f  equat ion ( l l i  f r  zero
ii’ tial c- -n - h : t i o n s  is given by: M u ( X ~— g)

x ( s ) r m ( sI~ F) ‘ GB(s) I l l )  2w~~ M~ 
X~~ (21)

- - n -  I ins the m - I . ’ r i t  m t  ma t r ix .  This expression is now 2 M z
s - , b . t i t - . it ”d inti , the Laplace t r ans fo rm n nf  equat ion ( 12)  W n p d q( ..~~__!_z ~ ) (22)
t ,  o u t  u n

141 
and 

~~~~ ~~~
— (Z a+M q) (23)

~-\ g”n i ’n  5! oxpr . - . s :  o f u r  the ou tpu t  to input  t r a n s f e r  
2h u n c h  n -  of the sys tem described by equations ( I i )  and ~ n 5 ~ Z~M — M (Z + j )  (2I l Z r  is then given by: P Q q 4

H (s t _ F) ’G .D ( 15) The normal acceleration s e ns i t i v i t y  specification
B(s) requirement  can be obtaij, ed by f o r m i n g  the  mode ratio

ru
/a ) f rom equations (16) and (19) and evaluating it  at

If the elements in the mat r ic es  F, U , H, and U can be
es t imat ed f r om fli ght  t i-st data using system th e sb - nt  period root locat ion:
i d i ’n t i f i - a t i o n  t echniques , i t  is easil y seen that equation n z15) can be used t m  d e t e r m i n e  the s tabi l i ty  and control fl~ (S) N3
s p e r i f i r - a t i o n  requirements previously ment ioned .  (It ‘ ‘ ~‘~j ’ ‘ —s— (2 5)
shoul d be n ir t . ’ - I  t ha t  this equation is solved on -, dig i tal  s — r  ~ — 2 ~~ 

N Becomput er  to obtain numera tor  and denominator roots and SO “sp- J~~~spuI ~~~~~~
classical approx imat ions  for these t e rms  are not made.)
Sper i f  m r examples for determining longitudinal and Stat ic  longitudinal s tabil i t y requi rements  in te rms of
la teral -direct i onal dynamic and static stabi l i ty e levator  position gradients  wi th  airspeed can be
c h a r a c t e r i s t i c s  are now presented. determined by evaluating the airspeed ( U )  to elevator

- - - - input t ransfer  f u n c t i o n  at steady st ate conditions.
Longitudinal  Specif icat ion Requi rements

The angle of a t t ack  to e levator  input t r ans f e r  j
~i, ~~e Xu(s.!/r~1)(S, h/r U2 J (26)

func t ion  Ia given by: Be(s) A A

Evalua t ing  ( 26) at a 0
Be(s) A (16) 

( )  K,~(~1ru1)(h/Tu2)
B e(s) 

~~ ~~~~~ 2 (27)
where  the numera to r  po lynominal is of the form ~p p

a which is equivalent to
N8e~

Kd s• S 2$2
~ a~~na ss~

Jn
~) (17) 

~~~ 
_ ( _ ZOMBe +M aZBe) 

(28)
Be ( s ) (M aZ u ’M uZo)

4

~ 

~~~-~~~~~~~ - - - ~~~~~~~~~~ -~~~~~
- ‘ -

~~~~~‘ - ~~~~~~-‘-
.-- -— --- i-

~~~- - - 
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Thus, .‘-4 uat i n,n - .it can be ~m t . ’ n F ~r . - L e i h as t ( i ,  gra - m t  of - i ~~h t  Jes t  U - u l t s
a irspeed w i t h  i ’ l e v a i - m m  position durin i t  a s t , i t i
l i n gat u d i n a l  t e s t -  R i ’ d u c t u i i i u s  in i’ l i ~~ - m  r es t ing U sir~,~~~~~) ’vm l d c - n t i h i - - a t i ’ i m

L a t e r a l — D m r ~’- r i  n - . l —j , ’-  - m c  a t e - r i  I t e l u i r em e n t s  Sy s t  ‘ - n  i - l i - n t  i f i - - a t  i n  t - ’ .hno l - igv can bc- used to n .-du cm ’
_________________ — t o . -  i l i g h t  t i m e  required to o b t a i n  da ta  f i r  d e t i - r r n i n i n g

In the l a t e r a l — d i r e .  r u o n a l  ax ’ .., M I L — F — 8 7 8 5B  s.’ts i mpl t an i n - in  a - ith  s n a b i l i t ~ and ,- r m t m - uI  s p e n i f i n - a t u - u n
r u - s  r . - .) : u i r e m e n t s  f or  ~) u t c h  r oll d a m p ing ~~n~~) and r equ i r emen t s .  This is accomplished by using thi s

te -:tini .logv t ‘- s t r a i t f rom a l i m i t e d  n u m b - - n  of fl i ght
f requency ~~d I , spiral  mode ( l / r 5 1 , n - i l l  mode I l / m R  t -’sts the s t a b i l i ty  and control  d e r i v a t i v e s  which  are then
and roll r a t — - In ad d i t i o n  t m  r h .  updated m i l i t a r y  used to  d c - t e r m , .- -o m p l i an in e  w i t h  spi- m f m c a t i o n
spe( t m -  a t i on  r ’- q u i r e n n e i i t - , in the l a t e r a l — d i r e c t i o n a l  r ” 4u i r i ’m . ’nu t - , -a-h ich r i - u r m a l l y  requira m u l t i p l e  t n n s t s  at
ix . ’-,. thi n- - are alSi) n - s  pa ramet r i c  m ” q r u i r ” m i - i n t ,  i n ,  the -‘ac h t r i r , i  f l i g h t  cond i t ion .  In - ird i ’n to accomplish this

-1.- t a i l  sp — - m i t  i i  an on f - j r  the S-3A and F - I - I A airplan es .  object ive , i t  was  necessary to conduct  a f l ig h t  p rogram t i m

These ni a r . - q u m r  n i t s  are in r h -  I n m  - -b  the  D u t c h  roll d c - t i - r u i n . -  the  op t i m a l  f l i g h t  inpu t s  for  p a r a m e t e r

i d i ’n t i f i c a t i ~ n analys is .  U 
The result  if t h i s  res,- arch

( ou p b n ~ param ‘-r I and the Dutch r-m l l  i ’ x - - i t . t i m n  c - f l - m t  and add i t iona l  f o l l o w — o n  -a nu rk has been the  -

- “ / s,’li’ t ion i f  a sequi ’ntia !  a i le ron-rudder  d - ,ub l— t  for
p aramet ’ -m 

~ ) 
- These n, ’ ,i. n.pe i i i  i n - m u  l a t — r a l - d n . - - t m n o n a l  s t a b i l i t y  analysis and an e l e v a t - m r

r t - i i ih l e t  or v ine  was . ’  for  l o n g i t u d i n a l  shir t  per iod analysis
requ i rement s  in th .-  i i t ’r a l - d i r a c tu o n a l  a s - s  sri’ d i f f i c u l t  a sin .-  wave  app i ’ams to have no advantages - i v - - r  a doubletr i m  i ” r . -’rmin i ’  accura te ly  b.- .ius.’ the  - f l . ”  is of t b .  i npu t  h r  li ar ana lys i s m . Parameter  i - t er i t i f i c a t i o n
spiral , n - I l ,  and Du t i .h roll modes - an n ,  - t  be easily analysis f the phugoud mode requires owe of the
separa ted  using co n v e n t i on a l  da t a  t”nmhnique s .  However , c o n v e n t i - m n , i )  t i - s r  t i ’n i in) que .th , s,’ new r e q u i r e m e n t s  can eas i ly  be ‘ f ’ - r ’ r mtned if the
n - i l l  r a t . ’ to a i leron i np u t  t r u s t - -n f unc t ion  is evaluat .-- I  The us— of th i ’ s i -  op t i m a l ’  inputs t o  reduce f l i g h t  tests isusing “ sn i m a t e d  s t a b i l i t y  and n o n t m o l  der iva t ives ,  d e m o n s t r a t e d  in t a b i ’ -  I. As shown , system iden t i f i ca t i on

2 2 techn ique-. can be used to n - in - - . ’  the t n - t a !  number  ofK s(s +2r  ,~ s~~’ ) - - - - - -
P(s) 4 4i hl 4u ~~~ maneuve r s  required in d er ” r m i nm g  Compliance w i t h  the

2 
(29) long i tud ina l  and l a t e r a l - d i r e c t i o n al  s t ab i l i ty  and c - m n t n o l8~(s) (s• h/rR)( s+ h/r s)( s 2+2~dw fld s*wfl d ) s p e c i f i c a t i o n  r e q u i r e m ent s  previously noted by a f ac to r  of

3 at each i n - 1 , v i d u a l  t r i m  point (a reduction from 9
maneuvers  to 3 maneuvers: . This reduction in the number

Compliance -.vith the spec i f i ca t ion  r equ i r emen t s  can be of man.-  u i v . ’r s  r equi red  resu l t s  in a savings of
determined f rom the e s t ima ted  t r ans f e r  func t ion  a p p r o x i m a t e l y  75 percent in fl i ght test  t i m e  (based on

I, W n~~ ~~ TA-4J  f l ig h t  n - s m -  conducted by the  U .S. Naval Test Pilot
parameters  W e d ,  ~ d ‘ ~~~~ ~~~~~ 

-
~~~

— and j— . Thus is School). The TA-4J  was then used in a t e s t  designed tod provi de fl ig ht data  for de te rmi ning t h e  a ir c r a f t ’s
i l l u s tr a t e d  by c m n n s i ’ h . ’ r m n i g a classical approximat i on to charac ter i s t ics  - v on  an mor n -p .o - f range at one altitude.
the n- lI mode t ime constan t This consisted of acce le ra t ing  the  a i r c r a f t  f r om  165 knots

I I I indica ted  airspeed to the m a x i m u m  level f l ig ht  airspeed
4 ~~~~Lp +L~~ (N p , ,9) (at  15 ,000 feet)  and collec t ing  data  at 50 knot increments .

R U 0 (30) Tests were conducted  at seven specific t r i m  po ints as
shown in table 2. At each test point , the a i r c r a f t  was
stabilized ( t r immed)  and an aileron-rudder sequential

In - ir r i e r  t i  de t e rmine  -jr—— f rom these data , the matched doublet  and elevator doublet inputs were made by the
pilot. (These tests did not include phug oid maneuver5.1

t ransfer  funct ion  poles and zeros are plotted on a s-plane
as shown in f igu re 3. The term is then de te rmined  as The to ta l  f l ig h t  test t i m e  required for these tests  was

the  residue measured f r o m  the Dutch roll pole and th 
13 minutes .  Us ing  convent ional  fl i ght  test procedures ,  the

given by: t i m e  required to obtain the f l i g ht data for de t e rmin ing  the
same spec i f i cat ion  r n ’r ~u i i n i - m i - n m t r  is e s t imated  Ic be 112

K d Dutch  0 b minu te s .  Thus, if phugoid test data are nut required , the
Roll ew fl,.i w d (31) reductions in flig ht t i m e  are even more d r a m a t i c .  This
Residue saving in f l ig h t  t ime  is due to the r educ t ion  in the t i m e

required t i  conduct the m ani c -us-ens and the t i m e  required
where a , b, and e are defined in f igure 3. The t e r m  I<

~~ to es tabl i sh  a f ewer  number  of p m - c m - . -  t r im points.

is the steady s ta te  residue and is measured f rom the - - -- - r A s imi lar  set of tes ts  was conducted during then ir ig in , assuming tha t 1 -  r 5 0. (5)
Technical Evaluation of the F -l4 A  airplane. These

Kss Stead y =W ~~~
2 

~ 
tests  are s u m m a r i z e d  in table 3. As previously

State  (32) demonstrated, a sign if icant  reduction in f l ig ht t ’st t ime
Renndue 2 was achieved using the system ident i f icat ion approach to

d ob ta in ing  flig ht data (a reduction of 32 to 8 maneuvers
Thu s. K d/K ss is de te rmined  as n h .  ra t io  of equations (31 )  was achieved during these tests) .  Total test t ime was 8 -

minutes.
and )32).

To demonstrate the accuracy of this approach to
fli gh t  testing, these F- 14A da ta  were used to e s t ima te
the longitudinal  short period characterist ics.  The body
fi xed axis system equations used in this analysis are
pre sented below. Elem ents of the s tate  equation are:

5

_ _  

-~~~~~~~~~~~~~ -~~~ ~~~~-~~~~ --
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T F igur, ’ I p r u - s e i n s  t h e  I’ - I - l A s t a b i l ’ t y  and - m i m I
S r a t ’ - V , ’ i t a r s n  [a .u ,q,8J d i ’nu v a t i s i ’  c-s tu m at— s a -id associated es tui na t i -  - i i i !  i - h , ’t i , i-

luo unii  .. Figure 5 mr- - sen t— the n - l i-ar t  period charai t ’-’ r i s tic s
Contr ol  V.’c t r 3s~~ n - i m p u t e d  t r i m  the sm ’ i r i s - i t i v . -  ‘- s t imates  and c-~mparese,  14 t h e m  a i t h  - o ,nven t i ona l  l I g h t  t s r  m a l ts . As shown ,

e x c e i l ’- n t ,gr ”ement  us ob ta ined  bet -seen the convent ional2. 2 ,, ( Z q . I l g ~~“ 
~ r e su l t s  and the  pa ramete r  i d e n t i f i c a t i o n  results5 ,, )*q-.~~~i -ij  COs 8. ( c u n v . - n i t i , n , u l  r esult s are based on clas,sin. aI hand

M. Mu Mq 0 mi- .is un. ’m-’ ni n t cnhn i q u e s l .  There is a s ign i f i can t  point to
0 I 0 35 1  make hi- ri ’ i t t  t : i i t  t h e re  is t i m  comparison of convent ional

IZh 2• f l i g h t  n — st l . - n e n i n i , r ’ -d  ‘t i/a w i t h  the p a r a m i - t . ’r
ix * i d . - n t i f i c a t i r r - m  m- ’sm , l t  b,’caus - i t  a - u l d  have required• a n o t l u - r  test  t i  obtain the conven t iona l  data. .~ sample
LMb, U 

(36) t i m e  i i i s n rv  m a t c h  is pr e sen t ed  in f igure  6.

The examples presented demonst ra te  the accuracy and
s h orn ’  Z , , “f - anti Q are i n i t i a l  - , n , I m t  - - n m - , s m b i l m r y  ‘if using sy s t r ’m  i d e n t i f i c a t i o n  techniques to

- -  ii improve the i - t h i n  iency of s t a b i l i t y  and control  fli ght
r lol ( 37) testing.  Of r ums, ’ , the examples presented here represent

onl y a p . m n n o mn if  the  s t a b i l i ty  and control  i- c-sting
- r equ i r emen t s  and thus savings in f l ig ht  t i m e  wil l  not be as —

The me asui r ”nn ”nt  equations are: d r a m a t i c  when considering the t.* tal  tes t ing requirements .
A previous survey of N a v y  s t a b i l i t y  and control  f l i g h t  testMr ,s~ir - -men t_\“ ct i a r y 5  [am.um ,qm i 8m.o zmj (38) p r o g n a m s  conducted at N A T C  indicated tha t  70 - 91)
percent  of the t e s t i n g  in large scale p rograms  is devoted

Bias Vector b~ 
1b b b b b 1 15 1 - -i a ’ u ’  q ’  9’ °zJ (39) to spec i f i ca t ion  t e s t i n g. - Using system ident i f ica t ion , it

Rar , i -  -m Mn’ -t s --n r em en t  T is e s t i m a t e d  that 20-30 percent  of this por t ion  of the
Em r - r ~~~~~~ ~~ ~va.t~u .~q,uo ,t oz~ ~~~ 

f l ig h t  program could be el iminated.

Ver i f i ca t i on  of S— 3A Power Approach Charac te r i s t i c s
K. 0 -K.l~i,~ 0
0 I 0 0 In order to improve  the carrier su i tab i l i ty  ot the S-3A

11. 0 0 0 4 1 ai rplane, a program was i n i t i a t e d  by the Naval Air
Systems Command to ident i fy  the origins of any S-3A0 0 0 carrier approach d i f f i c u l t i e s  and to solve them.  A por t ion

11(5.0 11(5,2) 11(5,3) 0 of this program was to apply the advanced system
id e n t i f i c a t i o n  techniques being developed at NATC to

w hi r- S.-3A power approach f l ig ht  test data  and compare the
resul t ing charac te r i s t i c s  w i t h  aerod yn amic  data  theI )  U0 Z~~” I 5 M a 4 Z . a i r f r ame  contractor is using to describe the airplane. This
ver i luca tr on  of the S-3A data base was accomplished byHIS .  2( 

~~~
Uo Zu Ha M u ~~) comparing or ig ina l  cont rac tor  data  with NATC and

a i r f r a m e  c o n t r a c t o r  parameter  iden t i f i ca t ion  results.
H S. S r  — U o Z q ’ I~t M q ~~~ (The a i r f r a m e  contrac tor  was conducting a parameter

iden t i f i ca t ion  anal ysis concurrent  w i t h  the independent
0 0 NATC effor t J 71 ) Results from the NATC analysis have
0 - - , (B)0 been published and are summarized below.

The stare  space model used in this analysis takes on the
0 0 following fo rm:
015,1) 0( 5.2)

Equation of Motion:
where

- 
State  Vector xr {p , r ,$,~~]

T 
(49)0)5, 1) - -u0 Z 8 - I~ M3~ (46:

Control Vector 
~~= r8 ~~ ~ 

‘iT (50)0)5, 2) ~-u 0 Z0 - l M 0 )47) 
[ 0’ ‘‘ SPJ

A geni- r al  form of t h e  accelerometer  measurement L p L, L’p 0
equat ion  f i f t h  row -f the H and D matrices) is given by:

Np N, N8 0
°Z m = °ZT — t X q + b02 a (48) F. y~ ~~~~~~ 

y~~ y8 !_~~S (51 )

Ii.
Thus, using these equat ions  in the ident i f ica t ion  ~~~ 0 0algor i th m, t his set of data was analyz ed assuming that
the short period and phugoid modes are uncoupled l.~ L~ L’ L~(X~ X~~ = X q X 3~~= Z ,~ = M ,, 0). The results a R ~ 5p

from these tests are presented in figures 4 and 5. 
~~• 

~~~ N~~ N , N~~ (52)
Y~0 ‘I’$~ VO

0 0 0

6  
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w here t. , N . Y , and ~ a n - ’ i n i t i a l  -I  ‘ i- - n - - u n - I -
0 o o o op r i n i m i ’ l i  - l ” n i v . u t i v — s  a r — - ti.- h o u nd ast

0 0 0 0
( 5l l

N +~~~
- -—  L

~~~~~i - ~~~~~ D u O  0 0 0
‘ 

zz /  1 5 3 u 0--t m 

- 
l xi 0 0 0 0- 

‘ as ‘ ZZ
D(5 ,)) D(5 ,2) D(5 ,3) D(5,4)

and -

-a li -r i ’ ’,

D)5 ,I ) u O Y 8~~ lZ L~ •~~ (65)L5 +I~— J N5
\ 1 5 /

L5 2 4
xi D(5 ,2) = u ~ 

_ I z LBR+ ~ NB (66)°
ant ii

D(5 ,3 ) u 0 Yo - l 2 L’0+l~ N’0 (a7(-a- here nli ,~ subscript  ( X l  dencit , ’s  p, r , ~ , b 0 , S p , and

Btp  - In addition , an u - n  id y n u m i m i c  spoiler 1-ig -sas
applied n - n - p o u r m n i - i s m r - - r , i ’ - rmt - .. D(5 ,4) U 0 Y 8 H~ L’8 + I

~ 
N~ (68)

A g r id f i r m  m l the l a te ra l  acceleration

~~~LAG 
— 

~~~) 
~~~~~ ~ !)8sPM (5 5) measurement  equation can be w r i t t e n  as:

a v =0where :  ‘m YT ~~~ s r i 5 +b 0 + v0 (69)

5 P a r a m e t e r  i d i ’ r i t i f i r - a t i m r m  analysis resul ts  arm- presented
~~“ 

~~~~ (In knots) 
(56) 

in table -1 in-f  f igures 7 and 8. As shown , f i n a l  a i r f r a m e
c o n t r a c t o r  and NATC iden t if i c a t i on  n ” n - u l t s  are in general
ag reemen t  but  show some significant d i f ferences  w i t h  the

This i:- m r r e  t n - on is n i ’qurn i ’ -i .  especially at low speeds, on rg i n i I  da ta .  Based on this compar ison and the t ime
because oh the t ime  required for l i f t  to build up a f t e r  a h i s t o r y  matches  presented in fngure 8, i t  was concluded
s j m i , m li’ r inpu t (aerod yn amic  lag(. The solution of equa t ion  tha t  the original data  base did not accurately represent-5 1 ( 1 ( I was used as the input f o r  spoiler the l a t e r a l - d i r e c t i o n a l  aerod y n a m i c s  of the S-3A. Thus,

the NATC parameter  iden t i f i ca t ion  analysis essentiallylequation 150 11- 
ver i f ies  the f inal  a i r f r a m e  c o ; , t m a c t o r  aerod ynamic  data
base of the S-3A (excluding spoiler s ideforceMeasur em i -nn t Equations:  
character is t ics) .

TMeasurement Vector y {P mi rmi $ m ~
41m~

0ym] (57) As w i t h  the use of any new technology, additional
comparisons are desirable for obtaining conf idence in

Bias ’,’er t mr b_ [b b b b b ] T 
~~ exper imenta l  results. These comparisons are presented in

table 5 and f igu res  9 and 10. Table S presents a
comparison of la tera l -d i rec t ional  modal characteris t icsRandom Measurement I (s tab i l i ty  and control  speci f ica t ion re qu i rements) .  FigureError Vector ~~ {i~P iU r ~U j 3  ~~~~ ~U 0 ]  ~~~ 9 presents a comparison of parameter ident i f ica t ion

I 0 0 0 results and parameter  es t imates  based on a f l ig ht  test
d i f f e r e n t i a l  eng ine thrust sideslip maneuver. Figure 10 is

o 0 a comparison of fli ght test results for a steady heading
sideslip maneuver )la teral -direct ional  s ta t ic  s tabi l i ty
charac ter i s t ics )  and parameter iden t i f i ca t ion  results.

~~~ 
k B I x ~~ These three comparisons show good agreement be tween

H u 0 “i~~” (60) the parameter  i den t i f i c a t i on  and conventional flig ht test -
results and in this li ght ver i fy  the pa ramete r

o Q 0 i d e n t i f i c a t i o n  es t imates .

t-i (5,I) H(5 ,2) H(5,3) 0 EA 68 Catapult  Launch Capabilities

where:
A program was in i t ia ted  by the Naval Air c n - n - t  - mn-

H(5,I) u 0 Y~ —I~ L’~ + ~ N ’
1) (61 ) Command to determine EA-BB catapult l a u n c h

capabilities as limited by an engine fai lur e immedia te ly
following launch. Part of this program s o s  to determine
from fli ght tests the longitudinal aerodynamicH(5,2 ) u o V r ‘iz L’r +I x N’,, ( 62) characteristics of this airp lane for use in a catapult
launch simulation.  This simulation will be used to define
crit ical  f l ight areas prior to any actual f l ight  tests. The

H(5 .3)~ u0Y~ —1~ L~~+I~ N~ (63) 
results from this program are to be published and are
summari zed below.

7
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rh,’ i t  i t  I , t m  - t i m  i- i- - I  ni t b ’  cnalvsi- . - ‘I t rue F — f  4
a i r p la n e  -a r ’ - u m g n u,-ni e i l  in t h i n -  - -is” t o  inc a le  a lag on 0. A m r  - m u c  i t  i n  . a m r i , n r  an- i  r i g  s y s t e m .
the angle -~ h i t  k vane.

f .  ‘r i 1m u l s i ~m n ,

- / 1  \ I i  \ / l  \ ( i a \a 5 - ~~ j Q 5 m )i~ )~~T —~7 1~~~ j q - i 15 g- - m o ’  t ires  and f l u t t e r ,

Under  current t e st  philosophy, these tests require  at leastl’h-’ m.’, u s m m n - ~me nt  , ‘ n u i t i - m n  f r  m m -  angle - i f  - i t r i ’  Ii
- - I on . i m n p i  m m i ’ s  devo ted  to n m.- f l i g h t  r”s !s developmentv a im — w a s  then  nn - i d :f i - - d as f- ,, a n - ;  - -p n - i g r a m .  I i m n s u d - -r i n g  the n - t a t ’ ,  n ih curr . -nn da ta  analysis

K +~~ •n 71 ~ ‘-  b mnol- i gy  in sys tem i d e n t u f i n - a r i o n  and dyn amic5m aa s a a p e i - f -m r man- n- , i t  is possible fr i  i n t e g r a t e  these test
r ,- qu i  n - - r i m ’ - r i t ~ to h i m r m  a reduced f l ig ht  pr ogram (i.e., a

-n i i ’ - : m t i f i -  - i i i  in - -  0 mali - s h - i n  th.-  s t a b i l i t y  and r i - d u i  t r i m n i  in both f l i g ht  r ’ -s ts  and re qma irind a i r c r a f t  could
- n i t r o . d u - r i v i t  m v - -s and n - nm tn p~i r i s - mn s  -w i t h  n n i n v en t i o f l a l  be . m - i m i ” v ” d i ,  This is i l lust r ated  by considering the f l ig ht

b ogu i t tes t  r e s u l t s  an-l w m u d  t u n . n ” I  d a t a  ar sented in i~r i b i l e  in f i g u r . n  iS which  c- . n s i n - t s  of p r imar i l y a series of -
fu g u r - -  I l  ari d t ,hI . -  € , -‘,s shn iwn in f i g u n i -  1 1 . reasonable 1 I f l i g ht  a r n e l er a t i on s f d e c e l e r a t i o n s  and n - i n s t a n t  Mach
o g n - ’ n m i ’ n t  ii.-~ -veer  tb -  Z fm i r -  . d ’-n iva t i v e s  a i A i t m m n u m d ;  (12 1 - - - -c l imbs  and ‘In-scents- The a i r c r a f t  is s tabi l ized ato - -a n -e rr , there  is a lam- ‘.- d i f f e r n i i ”  in the ‘- St  u m a t e s  f - m r  - - - - - - v a r m - m u s  points  dur ing  the  accelera t ion/ decelera t iontu . .~ p i t c h m n g  m om e n t  d e r i v a t i v e s .  Fbi’ la r gm- ~ t - Im b f ’ n - ’ ’  -

- -  m a n e u ver s  and var ious  maneuvers  are pe r fo rmed  tois in in s” p i t - h dampsn g de r i v a t i v e  I m m ‘Cm - w hnch  - - -q a cOil -u t da ta  f o r  mi l i t a ry  s p ec i f i c a t i o n  compliance
w i u l-h u o i i ~ - -i t . -  ii si~~ni t i c a r m t l y  himg h vr  l’ -ve l  -b  sh ir t  period i’ t nn r m in a t i i ) n .  For example , ih t he n -u -  maneuvers consisted
d a m pi n g  than  is obt m i s c - d  f rom the -ain d tunnel  data .  of an elevator doublet , a i le ron-rudder  double ’ phugoid ,
This is s pe c i f i c a l l y  p i m n i t~ - d out  ins i i”  f o l 5 a i r m g  and engine Bodu ’- . t h e n  t im ’ -  m aj o r i ty  of s t a bi l i t y  and

par i gn  iphs. For ii-’ phugoid mode, close a,, r m m - n t  is n : r m u m t r  m l ,  per formance , pro pulsion , and a u t o m a t i c
obt a inser h h - - t - ~ n-’en t O n -  p a r a m e te r  i f  u ’ n m r i f i - a t n n r n  “ su m m it ’-  s t a b i l i z a t i o n  r ’r q u i r em i -n t s  could be de termined  using
ari d c m i r m v ’ - n u t m o n a l  f l i g h t  t ’ - s t  n- - s u I t s  f u n  the p a m a m et ”m s  advanced d a t a  analysis techniques.  (Thin

C , and C 1 , Repre sen ta l iv- ’  t i m e  h is tory  a c c e l e r a t i o n / d e c e l i - r a t u i r m  da ta  are used in dynamic
- - p .-nf r tn i ance  me thods  to e s ti ma t e  a i r c r a f t  p e r f o r m a n c ei mmp ar i s on s  f -r sh or t  p c-r i  mi and phugoid a i m - r ,if t  - m , r m i f - n u s t u , - s . I Al thoug h th- m examples used do riot coverr.-spor n- s i r -  p n - -sn ’ n ted in t r g u i r . ’ s  12 arid 13. all - mf r n .  n- st r equ i r emen t s  for these areas, such as

special u zed au tomat ic  control funct ions , the testsData am ’- nOn-s presented to d e mo n s t r a t e  that  t h i n- in conducted in this tI i gt u t prn )Ii t e  could be easily modified tos t a b i l i t y  and cort tn - , l  d e r u v i r i v e  i - s t m m n m i t e s  can be used ~° include them.  (This would i-xtenid the number  of fli ghtsde t - ’rm nne - i mp luance w i t h  dynamic  and s t a t i c  - -
- - - - - - - - n - - u m n i ’ n l to complete the f l ig ht prof i le  for one a i rcraf tlongi tudinal  s t ab n l i t y  spec ib i ca t io n  requirements.  l adin g and i- in f ’gura t ion . )Lompar tsons of dynamic  s t a b i l i t y  c h a r a c ti -n i s t i c s  are

presented in r ,h1~ 7 and show good agreement  between ( - lud in~ Remarksp a r am e t e r  u d e n t m f m r a t i  n and conven t ional  f l i g ht  t est —________________

r ’- , oI t s  for both the phiugoid arid short t m e r i i - d  modes. The use of sys t em i d e n t i f i c a t i o n  technology to provideHowever , comparison w i t h  wind  tunnel  da ta  shows t h a t  for more e f f e c t i v e  a i r c r a f t  s t ab i l i ty  and control  flig htsri -ml  period damping e s t i m a t e s  are approx imate ly  test ing has been de monstrated.  This is accomplished byone-half  of the pa ramete r  i d e u u t i , -c a t ion  and e i the r  improving  the e f f i c i e n c y  of t h e  f l ig h t test and/or
convent ional  f l i ght  te st  results .  As previously providing f~~n a m n ’n comprehens ive  da ta  analysis. Thus,
di s- usr,- ’-I . t i m  ould i n d i c a t m -  t ha t  the wind tunnel  value the app l i ca t i on  of this technology to f l i ght tes t ing
f~ r the p i t ch  d a mp i n g  d e r iv a t i v e  is I -o w.  Compar isons  of provides for an in -dep th  understanding of the cause and
s t a t i c  l ong i tud ina l  c h ;u r a n - t i ’n i s t i c s  in f igure  14 show good e f f ec t  re la t ionsh ip  in a i r c ra f t  s t ab i l i ty  and control
agn.- - - m n . - n t  b m ’t - a - i ’n- n convent ional  r e su l t s  and the elevator characteristics. The one remain ing  object ive to be -
to airspeed grad ien t  computed using the parameter reached in this program is to apply this technology in a -

- - - - - - (11)  large scale f l ig ht  program tim update the aerodynamic datai d i o : t i f i i - a t i o n  s tab i l i ty  derivat ive es t imates -  base o f an aircraft  throughout its f li ght enve lope. To
- - meet  this object ive , current  p lans call  for the applicat ionlnte~ rate d Flight  Testing ‘ -of this technology in the development prok~ams for

- - - au toma t i c  carrier landing systems, TA—4K1J ai r c ra f t ,Thus paper has dealt  wi th  the savings that can be HARRIER , and the Navy ’s new fig hter , the F-l8 .reali zed in s tabi l i ty and cr n tr o l  f l ig ht t e s t i n g  by u t i l i z ing
system i d e n t i f n c a t i ~~n technology; however , an even more
dramatic  nn . du ’t i on  :~ f l igh t  test Costs and t ime  could be References
achieved by an in tegra ted  approach to flig ht testin g. 1. M i l i t a ry  Specification MIL-F-8785B(ASG), FlyingThis integra ted  f l ig ht  t est ing will  be made possible by a - - - -
fu r the r  g r o w t h  in data  analysis technologies, such as 

,,~ual i ties  of Pslo, Airplanes, of 7 Aug 1969.

system i d e n t i f i c a t i o n  and dynamic  performance. Thus 2. Gupta , N. K., and Hall , Jr .,  W. E., Systems Con trol,ca rt be readi ly i l lustrated by considering Navy vehicle - -- - - Incorporated , Engineering Report - SCIDNT Idynamics tent t s whi ch Consist of:  - - -Theory and Appl ica t ions, Technical Report No. 3,
- prepared for Off ice  of Naval Research and Naval Aira. Aerod ynamics. Test Center, Contract No. N00014-72-C-032 8, of

- - Dec 1974.it. S tabi l i ty  and r - n m n r n ~ l.

c. Performance. 3. Hall, Jr., W. E. , Gupta, N. K., and Smith , R. G.,
Systems Control, Incorporated, Engineering
Report - Ident i f ica t ion  of Aircraft  Stability andd. A u t o m a t i c  f l ig ht control  system.  - - -Control  Coe f f i cients for the Hug h Ang le of Attack -
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